The Limulus G test, responsive to L-1,3-D-glucan, is a well-established method for the detection of invasive fungal infection. We have recently found that Candida albicans released a water-soluble polysaccharide fraction (CAWS) into synthetic medium (Uchiyama et al., FEMS Immunol. Med. Microbiol. 24 (1999) 411^420). CAWS was composed of a mannoprotein-L-glucan complex and activated Limulus factor G, and thus would be similar to the Limulus active substance in patient's blood. In a preliminary investigation, we have found that CAWS is lethal when administered intravenously in a murine system. In this study, we examined the toxicity and then the fate of CAWS in mice. The lethal toxicity was strain-dependent and strain DBA/2 was the most resistant. The toxicity was, at least in part, reduced by salbutamol sulfate and prednisolone treatment in the sensitive strains. On intravenous administration, the half clearance time (t 1a2 ) was approximately 40 min in mice (DBA/2). On intraperitoneal administration, CAWS appeared in the blood with a peak concentration at 1 h. In order to establish a treatment plan, it is important to demonstrate the onset and the termination of deep-seated mycosis. The Limulus G test is suitable for the above purpose; however, it is necessary to fully understand the fate of L-1,3-D-glucan in patients' blood ß
Introduction
Invasive deep-mycoses have been becoming increasingly common due to the growing number of immunocompromised hosts caused by progressed chemotherapy or immunosuppressants, such as steroids. These infections occur in severely ill patients with hematological malignancies, leukemia, and acquired immune de¢ciency syndrome (AIDS), and in those undergoing myelosuppressive cytotoxic chemotherapy [1] . From the stand point of diagnosis, symptoms of infection by bacteria and fungi are similar because of systemic in£ammation. In addition, isolation of the causative microbe is time consuming. Misinterpretation resulting in the wrong choice antibacterial or antifungal chemotherapy can be fatal. Metabolites of microbes are often used for early detection.
Candida albicans is a medically important fungus, which induces a disseminated candidiasis and candidemia in immunocompromised hosts [2] , and releases a polysaccharide fraction into the blood. The cell wall of Candida is mainly composed of two polysaccharides, mannan and L-glucan [3^8]. In a previous study, we used a chemically de¢ned liquid medium to culture Candida spp. and collected the water-soluble fraction named CAWS [9] . We have reported that CAWS is mainly composed of mannoprotein and L-glucan. At least in part, the mannan moiety was found to be covalently linked to the L-glucan moiety.
It is generally accepted that the blood concentration of medicines is an important parameter in maintaining pharmacological actions and reducing side e¡ects. We have long been working on analyzing the immunopharmacological activity of L-1,3-D-glucan preparations. We found that the half clearance time of an antitumor L-1,3-D-glucan preparation, SPG (soni¢lan), was approximately 6 h in mice. However, on repeated administration, L-1,3-D-glucan was saturated in the metabolizing organs, liver and spleen, resulting in a delay in the clearance from the blood, and ¢nally, a high concentration in the blood [10] . This characteristic feature is strongly related to the absence of a speci¢c metabolizing enzyme for L-1,3-D-glucan in mice.
The Limulus test is a well-established method for the detection of both Gram-negative sepsis and invasive fungal infection. At present, a L-1,3-D-glucan-speci¢c Limulus test, the G test, is clinically used to diagnose invasive deepmycosis [11] . However, for the above reason, it is necessary to determine the fate of L-glucan. The goal of our project is to clarify the blood clearance of CAWS in experimental animals to establish a better therapeutic protocol for fungal infection by using the G test. However, it has been known for some sorts of yeast mannan to exhibit lethal toxicity in mice [12] . Mannan is the most abundant component in CAWS, and in the preliminary investigation, CAWS was lethal to ICR mice within 30 min similar to anaphylactic shock.
In the present study, we: (1) screened inbred strains less sensitive to mannan mediated lethal toxicity; (2) tested several medicines to reduce the sensitivity ; and (3) measured blood clearance of CAWS in the insensitive mice. We found that the half clearance time of CAWS in blood was 35 min. It was therefore cleared signi¢cantly faster than the clinically used L-1,3-D-glucan, Soni¢lan (SPG) [13] .
Materials and methods

Materials
All strains of C. albicans, Candida parapsilosis and Saccharomyces cerevisiae were purchased from the Institute for Fermentation, Osaka, Japan, maintained on Sabouraud agar (Difco, USA) at 25³C and transferred once every 3 months. SPG (Soni¢lan prepared from Schizophyllan [14, 15] ) was kindly provided by Kaken Pharmaceutical (Tokyo, Japan). Fungitic G test MK was from Seikagaku (Tokyo, Japan). Distilled water (DIW) and physiological saline were from Otsuka (Tokyo, Japan). The visking tube (MW cuto¡ : 3500) was from Spectrum Medical, CA, USA. Salbutamol, prednisolone, gadolinium chloride hexahydrate, D-galactosamine hydrochloride, cyclophosphamide monohydrate and D-mannose were from Wako (Osaka, Japan). Carrageenan was from Sigma, USA. Mannan (from yeast) was from Nakarai Chemicals, (Kyoto, Japan).
Mice
Male 5^10-week-old closed colonies (ICR and ddY), inbred strains (A/J, AKR/N, BALB/c, CBA/N, C3H/He, C3H/HeJ, C3H/HeN, C57BL/6 and DBA/2) mutant strain (KSN nu-nu) and hybrids (B6C3F1 ; C57BL/6UC3H/He, BDF1 ; C57BL/6UDBA/2, CBF1; BALB/cUC57BL/6, CDF1; BALB/cUDBA/2, DC3F1; DBA/2UC3H/He and WBB6F1-w/w v ; WB-W/+UC57BL/6-W v /+) were obtained from Japan SLC, Shizuoka, Japan.
Media
C-limiting medium originally described by Shepherd and Sullivan [16] 
Preparation of water soluble fraction (WS)
Water soluble fraction (WS) was prepared as previously described [9] . Brie£y, to collect the CAWS, an equal volume of ethanol was added to the culture and the precipitate was collected, which included cells and secreted macromolecules. The precipitate was then suspended in an aliquot of distilled water and the solubilized part was collected and acetone dried. Similar methods were used to collect a water soluble fraction derived from C. parapsilosis (CPWS) and S. cerevisiae (SCWS). A chemical characterization of WS was done previously [9] . Brie£y, even though there were strain di¡erences in the yeast, the percentage of carbohydrate and protein content was 78 þ 6.6% and 15 þ 6.3%, respectively. And the M (mannan)/G (glucan) ratio was 6.3 þ 1.3 in the case of C. albicans IFO 1385 2.5. Preparation of plasma for L-D-glucan assay CAWS was diluted with physiological saline and autoclaved. The optimal dose of CAWS was administered to mice by intravenous or intraperitoneal injection. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized capillaries. After centrifugation, plasma samples were stored at 4³C until the G test (Fungitec G test MK) was performed.
Measurement of blood concentration of CAWS using the Fungitec G test MK
Activation of factor G (Limulus reactivity) by L-1,3-Dglucan was measured by a chromogenic method using a L-1,3-D-glucan-speci¢c reagent (Fungitec G test MK), which eliminates factor C [11^13]. Plasma containing CAWS was mixed with 0.5 N NaOH to degrade any protease in plasma. The resulting mixture was serially diluted with 0.01 N NaOH. Usually, dilutions were made with 0.01 N NaOH and a sample solution was used directly for the Limulus reaction without neutralization. Diluted NaOH was con¢rmed to be usable for the Limulus reaction by the high bu¡er action of the reagent. Reactions were performed in a £at-bottomed 96-well Toxipet plate 96F (Seikagaku) and a microplate reader (Wellreader SK603, Seikagaku). The CAWS concentration in blood was calculated from the relative reactivity to CAWS as a standard. Disposable plastic materials for tissue culture or clinical use were employed and all glassware was sterilized at 260³C for 3 h. The operations were performed in duplicate under aseptic conditions. The data are shown as the average of two experiments.
Calculation of half-life by cricket version 1.3
In order to compare the half-life of CAWS with that of SPG under various conditions in mice, curve ¢tting was performed using the program Cricket version 1.3. The half-life (t 1a2 ) was calculated using the one-compartment model.
Results
Lethal toxicity of CAWS in various strains of mice
In the preliminary experiment, on intravenous administration CAWS (from C. albicans IFO 1385, 1 mg) was lethal to ICR mice. In contrast, on intraperitoneal administration CAWS did not show any toxicity. As described in Section 1, some of the yeast mannan fractions are known to be lethal to mice when administered intravenously [12] . Expression of lethal toxicity presumably depends on the mannan moiety in CAWS. To con¢rm the lethal toxicity, the WS from various strains of yeast were tested. As shown in Table 1 , WS from all strains of yeast used in this study exhibited lethality. And so we screened CAWSmediated lethal toxicity in various strains of mice. A dose range of 10 Wg to 2 mg mouse 31 was used. As shown in Table 2 , DBA/2 mice were the least sensitive to CAWS. BALB/c, C3H strains, WBB6F1-W/Wv, KSN nu-nu and ddY exhibited lethality as did ICR mice. Initially, these mice were motionless and had a decreased body temperature. Later, they died with respiratory distress and convulsion within 30 min. Although the A/J, AKR/N, CBA/N and C57BL/6 mice survived, they were distressed and motionless. Among the hybrids, B6C3F1 and DC3F1 exhibited lethality. In addition, we tested whether aging a¡ected the lethality. As a consequence, aging (ICR mice over 6 months old) did not have an e¡ect on lethality (dead/total: 1 mg mouse 31 , 2/3; 0.25 mg mouse 31 , 0/3; 0.1 mg mouse 31 , 1/3; CAWS used in this experiment was derived from 1385).
E¡ect of various treatments on lethal toxicity induced by CAWS
It is generally accepted that some sorts of activities are modi¢ed by treatment, and such results provide information about the mechanisms at work. Various reagents have been found to act as macrophage blockers. Carrageenan (sulfated polygalactose) primes leukocytes to enhance lipopolysaccharide (LPS)-induced tumor necrosis factor (TNF) production and lethality, and destroys macrophages; it is used to inhibit macrophage function [17, 18] . Gadolinium chloride (GdCl 3 ) is also well known as a selective blocker of macrophages, especially Kup¡er cells [19^22] . Colloidal aggregates of GdCl 3 at a pH above 6.0 in the circulation after intravenous injection, might , and sterilized by autoclaving. An aliquot of each sample (5 Wl) was mixed with distilled water (45 Wl) or 0.5 N NaOH (45 Wl). The resulting solutions were diluted with distilled water or 0.01 N NaOH (¢nal concentration of CAWS or SPG was 1000 or 100 ng ml 31 , respectively). Milliabsorbance min 31 was measured with the Fungitec G test MK using a Wellreader SK603 (kinetic assay).
be taken up by Kup¡er cells and kill them by destroying their phagosomes [20] . As shown in Table 3 , these substances reduced the lethality slightly, but not completely. In the case of cyclophosphamide-treated mice, no reduction in toxicity was observed. Galactosamine enhances the sensitivity to TNF and lethal toxicity induced by LPS [232 5]. However, the treatment did not modulate the CAWSinduced toxicity.
Platelet-activating factor presumably plays an important role in the lethality of yeast mannan. On this account, we had used salbutamol sulfate and prednisolone to reduce the e¡ect. As shown in Table 3 , salbutamol sulfate and prednisolone, at least in part, reduced the lethality.
The, lethality seems to depend on the mannan moiety in CAWS. Consequently, we used mannose and mannan (from yeast; Nakarai) to inhibit the CAWS-mediated lethality. We found a commercially available mannan preparation (from yeast ; Nakarai) that did not exhibit lethality by itself (lethal toxicity of yeast mannan in ICR mice: dead/total: 1 mg mouse 31 , 0/3; 0.25 mg mouse 31 , 0/3; 0.1 mg mouse 31 , 0/3), and used it to block the mannose receptors. Yeast mannan, but not mannose, inhibited the lethality (Table 3 ).
Conformation of WS assessed by Limulus G test
It is generally accepted that a high molecular mass L-1,3-D-glucan forms two conforms, a single helix and a triple helix. The helix structure was interchangeable on treatment with NaOH or autoclaving. In contrast, the smaller L-1,3-D-glucan exists as a random coiled conformer. Conformation is an important contributing factor in the biological as well as physicochemical properties of L-1,3-D-glucan [26] , thus the conformation of WS was examined before testing blood clearance. We have previously established that the single helix and the random coiled conformer reacted strongly with Limulus G, but the triple helix conformer did not [27] . For example, the single helix form of SPG treated with NaOH showed high reactivity to Limulus factor G compare to SPG treated with distilled water. In addition, the single helix conformer could be changed to the triple form by heat treatment.
In this study, the Limulus reactivity of WS from various strains of yeast was tested after autoclaving and/or NaOH treatment. As shown in Fig. 1 , the Limulus reactivity of WS treated with NaOH was higher than that of WS treated with distilled water. It is strongly suggested, therefore, L-1,3-D-glucan in WS is, for the most part, present in the random coiled form rather than the triple helix form. For this reason, we used NaOH treatment before the Limulus G test in this study. Fig. 2 . Blood concentration of CAWS on intravenous administration at high dose in DBA/2 mice. CAWS (1385 :1000 Wg) was intravenously administered to DBA/2 mice. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized capillaries. Plasma was obtained and each sample was dissolved in 0.5 N NaOH and serially diluted with 0.01 N NaOH. CAWS concentrations were measured with Fungitec G test MK using a Well-reader SK603 (kinetic assay). Fig. 3 . Blood concentration of CAWS on intravenous administration at low dose in DBA/2 mice. CAWS (1385 :100 Wg) was intravenously administered to DBA/2 mice. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized capillaries. Plasma was obtained and each sample was dissolved in 0.5 N NaOH and serially diluted with 0.01 N NaOH. CAWS concentrations were measured with Fungitec G test MK using a Wellreader SK603 (kinetic assay). Fig. 4 . Blood concentration of SPG on intravenous administration at low dose in DBA/2 mice. SPG (100 Wg) was intravenously administered to DBA/2 mice. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized capillaries. Plasma was obtained and each sample was dissolved in 0.5 N NaOH and serially diluted with 0.01 N NaOH. SPG concentrations were measured with Fungitec G test MK using a Wellreader SK603 (kinetic assay).
Measurement of blood concentration of CAWS by
intravenous or intraperitoneal administration in DBA/2 mice CAWS (from C. albicans IFO 1385: 1000 Wg or 100 Wg) was intravenously administered to DBA/2 mice and blood was collected from the tail vein at appropriate intervals. We measured the chronological variation in blood concentration of CAWS by Limulus G test. As shown in Figs. 2  and 3 , the half-life of CAWS at high dose (1000 Wg) and low dose (100 Wg) was 36 and 19 min, respectively. It was signi¢cantly faster than that of SPG, which is clinically used as immunomodulating L-1,3-D-glucan (Fig. 4) .
In the case of intraperitoneal administration, the maximum blood concentration of CAWS was approximately 300 Wg ml 31 at 60 min after CAWS administration (Fig.  5) . In ICR mice, CAWS was not lethal on intraperitoneal administration, and showed a similar clearance to that in DBA/2 mice.
3.5. Inhibition of the toxicity of CAWS by using salbutamol sulfate or prednisolone, to measure the blood concentration of CAWS in ICR mice
We had to investigate the e¡ect of inter-strain di¡erence of mice on the clearance rate. Thus, we wanted to measure the blood clearance of CAWS in ICR mice. As described earlier, the lethality of CAWS in ICR mice could be, at least in part, inhibited by salbutamol sulfate and prednisolone. Thus, we measured the blood clearance of CAWS in salbutamol or prednisolone treated ICR mice. As shown in Fig. 6 , the half-life of CAWS in salbutamol and prednisolone prophylactically treated ICR mice was 57 and 64 min, respectively. The rate was slightly slower than that in DBA/2.
Discussion
We have reported that CAWS was mainly composed of a complex of mannan, L-1,6-D-glucan and L-1,3-D-glucan [9] . Because of the lethal toxicity of CAWS on intravenous administration in ICR mice, it was di¤cult to measure the blood clearance. It is generally accepted that certain activities are modulated by genetic background. For example: (1) C3H/HeN mice are more sensitive to endotoxin shock provoked by LPS than C3H/HeJ mice [28] . It has already been veri¢ed that the disparate sensitivity depends on a point mutation of amino acid in Toll-like-receptor 4 which is the signaling receptor of LPS; (2) delayed type-acute phase response (DT-APR) and vascular dilation and hemorrhage (VDH) by antitumor L-1,6;1,3-D-glucan, lentinan, were controlled by two genes [29, 30] ; and (3) there were genetic di¡erences between BALB/c and B10.D2 T-cells for T-helper phenotype development [31] . In this study, we found that CAWS-mediated lethal toxicity was strain dependent and DBA/2 mice were the least sensitive. Lethality was observed in KSN nu-nu mice. This result suggested that the T-cell might not be participated in the lethality. In addition, we investigated the role of mast cells, which play a central role in anaphylaxis, in the toxicity of CAWS by using mast-cell de¢cient WBB6F1-w/w v mice. Lethal toxicity was also observed in this strain, suggesting weak contribution to the lethality. The ¢ndings that marked alterations in toxicity were not observed in carrageenan, gadolinium chloride or cyclophosphamide treated mice, suggest that the macrophage and lymphatic system do not play a central role in lethality. Carrageenan and galactosamine, typically used to enhance the sensitivity and lethality of LPS, did not modulate the toxicity, suggesting independence to LPS-mediated toxicity. . Blood concentration of CAWS on intravenous administration in ICR mice prophylactically treated with salbutamol or prednisolone. Salbutamol (300 Wg) or prednisolone (90 Wg) was administered 30 or 120 min before CAWS, respectively. An aliquot of blood was collected from the tail vein at appropriate intervals using heparinized capillaries. Plasma was obtained and each sample was dissolved in 0.5 N NaOH and serially diluted with 0.01 N NaOH. CAWS concentrations were measured with Fungitec G test MK using a Wellreader SK603 (kinetic assay). We measured the blood clearance of CAWS in DBA/2 mice. The half-life of CAWS (V40 min) was faster than that of SPG (V6 h). These results indicated that CAWS might disappear via a di¡erent pathway like to SPG. As mentioned above, the major component of CAWS is mannan, thus, like mannan in blood, CAWS may be trapped by speci¢c receptors, such as the mannose receptor.
In addition, we had to consider the inter-strain di¡er-ence in clearance among mice. By using salbutamol and prednisolone, we measured the blood concentration in ICR mice, and found the half-life to be as fast as that in DBA/2.
We also measured the clearance of intraperitoneally administered CAWS. The blood concentration reached a maximum at around 1 h. We have previously reported the value of SPG as 2^4 h in ICR mice. The faster attainment of the maximum level with CAWS would be due to the faster clearance of CAWS from the blood stream.
Conformation of L-1,3-D-glucan is an important factor contributing to biological activity, such as Limulus factor G activation, nitric oxide synthesis by macrophages, and so on. The clearance of SPG was also a¡ected by its conformation. The single helical conformer cleared faster than the triple helix. In addition to the triple and the single helix conformation, L-1,3-D-glucan has a random coiled conformation, especially at lower molecular mass and when charged. These facts strongly suggested that the clearance of CAWS is in£uenced by its conformation. In general, the conformation of the triple helix is stable compared with that of the single helix. Autoclaving of L-1,3-Dglucan preparations induced a conformation change from the single to the triple form. As shown in Fig. 1 , the triple helix of SPG was changed to a single helix by sodium hydroxide treatment, resulting in a form highly reactive to Limulus factor G. Sodium hydroxide treatment is also important to negate the in£uence of conformation on the Limulus G test. In the WS preparation, the autoclaved preparation showed signi¢cant activity and this activity was slightly increased after sodium hydroxide treatment. The WS preparation would mainly be of the random coil conformation. In a previous study, we analyzed the structure of WS by NMR spectroscopy and found the ratio of L-1,3-D-glucan moiety to be low. This ¢nding also supports the conformation of the L-1,3-D-glucan moiety of WS as a random coil.
Mikami et al. used salbutamol, a L2-adrenoceptor agonist, to reduce the lethality of yeast mannan [12] . According to their results, PAF-and yeast mannan-induced lethality was blocked by such a treatment. They had concluded that yeast mannan was able to induce PAF in mice, and the factor that causes the lethality was PAF. Similarly, we have been demonstrated that the CAWS-induced lethality was blocked by treatment with salbutamol. These results indicated that CAWS-induced lethality depends on the mannan moiety, and PAF plays a central role in the toxicity.
In conclusion, our results strongly suggested that the Limulus factor G-reactive substance in patients' blood came from the infecting fungi and would rapidly disappear with the killing of fungi in infected tissue.
